Análisis de la deformación de rotura en el ensayo de tracción en probetas cilíndricas de acero perlítico by Suárez Guerra, Fernando et al.
$1È/,6,6'(/$'()250$&,Ï1'(52785$(1(/(16$<2'(75$&&,Ï1(1352%(7$6
&,/Ë1'5,&$6'($&(523(5/Ë7,&2


)HUQDQGR6XiUH]'DYLG$&HQGyQ-RVp0LJXHO$WLHQ]D-DLPH&*iOYH]0DQXHO(OLFHV

'HSDUWDPHQWRGH,QJHQLHUtD&LYLO&RQVWUXFFLyQ(76,&DPLQRV&DQDOHV\3XHUWRV8QLYHUVLGDG3ROLWpFQLFDGH
0DGULGF3URIHVRU$UDQJXUHQVQ0DGULG(VSDxD
(PDLOIVXDUH]#FDPLQRVXSPHVMDLPHJDOYH]#XSPHV

 'HSDUWDPHQWRGH&LHQFLDGH0DWHULDOHV(76,&DPLQRV&DQDOHV\3XHUWRV8QLYHUVLGDG3ROLWpFQLFDGH
0DGULGF3URIHVRU$UDQJXUHQVQ0DGULG(VSDxD
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GFHQGRQ#PDWHUXSPHVMPDWLHQ]D#PDWHUXSPHVPHOLFHV#PDWHUXSPHV
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
(OHQVD\RGHWUDFFLyQSHUPLWHREWHQHUODFXUYDWHQVLyQGHIRUPDFLyQKDVWDHOLQVWDQWHGHFDUJDPi[LPDVLQHPEDUJRD
SDUWLU GH HVH PRPHQWR HO DQiOLVLV GH ODV WHQVLRQHV \ GH ODV GHIRUPDFLRQHV UHVXOWD FRPSOLFDGR &RQRFHU HO
FRPSRUWDPLHQWR GHO PDWHULDO D SDUWLU GHO LQVWDQWH GH FDUJDPi[LPD UHVXOWD IXQGDPHQWDO SDUD GLVHxDU HVWUDWHJLDV TXH
PHMRUHQODVHJXULGDGHVWUXFWXUDO
(VWHWUDEDMRSUHVHQWDORVUHVXOWDGRVGHXQDFDPSDxDH[SHULPHQWDOGHHQVD\RVGHWUDFFLyQVREUHDFHURSHUOtWLFRHQODTXH
VHKDQHVWXGLDGRVXVGHIRUPDFLRQHVGHURWXUDDVtFRPRVXVVXSHUILFLHVGHIUDFWXUDWRGRHOORHQSUREHWDVFLOtQGULFDVFRQ
GLIHUHQWHV GLiPHWURV (VWD FDPSDxD KD VLGR DFRPSDxDGD GH VLPXODFLRQHV QXPpULFDV FRQ HO ILQ GH DQDOL]DU HO
FRPSRUWDPLHQWRGHOPDWHULDOHQHOLQWHULRUGHODVHFFLyQ$GLFLRQDOPHQWHVHKDQDQDOL]DGRODVVXSHUILFLHVGHIUDFWXUDGH
ODV SUREHWDV \ VH KDREVHUYDGRXQD UHODFLyQQRSURSRUFLRQDO HQWUH HO WDPDxRGH ODV SUREHWDV \ HO WDPDxRGH OD ]RQD
LQWHUQD DWULEXLGD DO FUHFLPLHQWR GH SRURV (VWD UHODFLyQ QR SURSRUFLRQDO VXJLHUH TXH GLFKD ]RQD DFWXDUtD FRPR XQ
FRQFHQWUDGRU GH WHQVLRQHV GH IRUPD VLPLODU D XQD ILVXUD \ HVWDUtD DIHFWDGR SRU HO HIHFWR GH OD WULD[LDOLGDG GH ODV
WHQVLRQHVHQOD]RQDGHURWXUD


$%675$&7

7KURXJKWKHVWDQGDUGWHQVLOHWHVWWKHVWUHVVVWUDLQFXUYHRIVWHHOPD\EHREWDLQHGEHIRUHWKHXOWLPDWHWHQVLOHVWUHQJWKLV
UHDFKHG WKHQ VWUHVVHV DQG VWUDLQV DUH GLIILFXOW WR HVWLPDWH ,W LV LQWHUHVWLQJ WR NQRZ WKHPDWHULDO EHKDYLRXU DIWHU WKH
XOWLPDWHWHQVLOHVWUHQJWKLQRUGHUWRLPSURYHWKHVWUXFWXUDOVDIHW\LQDQ\VWUXFWXUH
7KLVSDSHUSUHVHQWVWKHUHVXOWVRIDQH[SHULPHQWDOFDPSDLJQRI WHQVLOHWHVWVRQSHDUOLWLFVWHHOZKHUHWKHXOWLPDWHVWUDLQ
DQG WKH IUDFWXUH VXUIDFH KDYH EHHQ VWXGLHG &\OLQGULFDO VSHFLPHQV ZLWK GLIIHUHQW GLDPHWHUV KDYH EHHQ WHVWHG 7KLV
FDPSDLJQKDVEHHQFRPSOHPHQWHGZLWKQXPHULFDOVLPXODWLRQVLQRUGHUWRDQDO\VHWKHEHKDYLRXULQVLGHWKHFURVVVHFWLRQ
2EVHUYLQJWKHIUDFWXUHVXUIDFHVRIWKHVSHFLPHQVLWKDVEHHQIRXQGWKDWWKHUHODWLRQVKLSEHWZHHQWKHVSHFLPHQGLDPHWHU
DQGWKHGLDPHWHURIWKHDUHDLGHQWLILHGDVWKHSODFHZKHUHWKHYRLGJURZWKDQGFRDOHVFHQFHRFFXUDUHQRWSURSRUWLRQDO
7KLVQRQSURSRUWLRQDOUHODWLRQVKLSVXJJHVWVWKDWWKLVDUHDDFWVDVDVWUHVVFRQFHQWUDWRUWKHVDPHZD\DFUDFNGRHVDQGLW
ZRXOGEHFRQGLWLRQHGE\WKHVWUHVVWULD[LDOLW\DIIHFWLQJWKHDUHDZKHUHWKHIDLOXUHRFFXUV


3$/$%5$6&/$9((QVD\RGH7UDFFLyQ1XFOHDFLyQ&UHFLPLHQWR\FRDOHVFHQFLDGHKXHFRV([WHQVRPHWUtDySWLFD


 ,1752'8&&,Ï1

(O HQVD\R GH WUDFFLyQ HV XQD GH ODV WpFQLFDV PiV
VHQFLOODV\WDPELpQODPiVXWLOL]DGDHQODFDUDFWHUL]DFLyQ
GH DFHURV >@ $ SDUWLU GH OD FXUYD IXHU]D
GHVSOD]DPLHQWR VH SXHGH REWHQHU GH IRUPD SUHFLVD OD
FXUYD WHQVLyQGHIRUPDFLyQ KDVWD HO LQVWDQWH GH FDUJD
Pi[LPD 6LQ HPEDUJR D SDUWLU GH HVH PRPHQWR VRQ
YDULDV ODV LQFyJQLWDV TXH VLJXHQ H[LVWLHQGR \ DVSHFWRV
FRPR OD DSDULFLyQ GHO FXHOOR GH HVWULFFLyQ R OD
GHIRUPDFLyQGHURWXUDVLJXHQVLHQGRGLVFXWLGRV

$ PHQXGR OD GLILFXOWDG SDUD GHWHUPLQDU HO
FRPSRUWDPLHQWR GHO PDWHULDO D SDUWLU GHO LQVWDQWH GH
FDUJDPi[LPDKDFHTXH VHGHVHVWLPHHVWH~OWLPR WUDPR
GH ODFXUYD WHQVLyQGHIRUPDFLyQFXDQGRHQRSLQLyQGH
ORVDXWRUHVFRQWLHQHXQDLQIRUPDFLyQPX\YDOLRVDVREUH
HOFRPSRUWDPLHQWRPHFiQLFRGHOPDWHULDOHVSHFLDOPHQWH
VREUH OD HQHUJtD Pi[LPD TXH HO PDWHULDO HV FDSD] GH
DEVRUEHU SDUiPHWUR IXQGDPHQWDO HQ FDVR GH URWXUD
DFFLGHQWDO R LQWHQFLRQDGD &RQRFHU ODV FDXVDV TXH
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GHWHUPLQDQ OD GHIRUPDFLyQ ~OWLPD GH URWXUD UHVXOWD
IXQGDPHQWDOSDUDPHMRUDUODVHJXULGDGHVWUXFWXUDO

(Q PDWHULDOHV PHWiOLFRV G~FWLOHV DOJXQRV PRGHORV GH
GDxR SDUD PHWDOHV VH EDVDQ HQ OD KLSyWHVLV GH
QXFOHDFLyQFUHFLPLHQWR\FRDOHVFHQFLDGHKXHFRV'LFKD
KLSyWHVLVFRQVLGHUDTXHXQDYH]DOFDQ]DGRFLHUWRHVWDGR
WHQVLRQDO DSDUHFHQ KXHFRV LQWHUQRV HQ HO PDWHULDO
QXFOHDFLyQ GH KXHFRV TXH D PHGLGD TXH FUHFH OD
VROLFLWDFLyQ LQFUHPHQWDQ VX WDPDxR OOHJDQGR D
FRQHFWDUVH FRQ ORV KXHFRV FRQWLJXRV FRDOHVFHQFLD GH
KXHFRV

(QODVVXSHUILFLHVGHURWXUDGHODVSUREHWDVVHGLVWLQJXH
KDELWXDOPHQWHXQD]RQDLQWHULRUTXHVHLGHQWLILFDFRQHO
IHQyPHQRGHFUHFLPLHQWR\FRDOHVFHQFLDGHSRURVYpDVH
)LJXUD  (V GHVWDFDEOH TXH GLFKD ]RQD DSDUHFH
FODUDPHQWH GLIHUHQFLDGD VLQ DSUHFLDUVH XQD WUDQVLFLyQ
FRQODFRQWLJXD(VWDSDUWLFXODULGDGSUHVHQWDVLPLOLWXGHV
FRQODVVXSHUILFLHVGHIUDFWXUDGHSUREHWDVFLOtQGULFDVGH
PDWHULDOHVIUiJLOHVFRQGHIHFWRVLQWHUQRV


)LJXUD,GHQWLILFDFLyQGHOD]RQDGHFUHFLPLHQWR\
FRDOHVFHQFLDGHSRURVHQODVXSHUILFLHGHIUDFWXUDGH
XQDSUREHWDFLOtQGULFD

(O SODQWHDPLHQWRGH HVWH WUDEDMRFRQVLVWHHQFRQVLGHUDU
FRPR KLSyWHVLV GH SDUWLGD TXH HO FRPSRUWDPLHQWR GHO
PDWHULDO HV G~FWLO KDVWD HO LQVWDQWH GH URWXUDPRPHQWR
HQ HO FXDO OD URWXUD VH GHVHQFDGHQD GH DFXHUGR D XQ
FRPSRUWDPLHQWR IUiJLO'H HVWDPDQHUD VH LGHQWLILFD OD
]RQDFHQWUDOGHFUHFLPLHQWR\FRDOHVFHQFLDGHSRURVFRQ
XQ GHIHFWR LQWHUQR TXH XQD YH] DOFDQ]DGR XQ WDPDxR
FUtWLFRGHVHQFDGHQDODURWXUD

3DUD FRPSUREDU GLFKD KLSyWHVLV VH KD UHDOL]DGR XQD
FDPSDxD H[SHULPHQWDO GH HQVD\RV GH WUDFFLyQ VREUH
DFHURSHUOtWLFR\VHKDQHVWXGLDGRVXVGHIRUPDFLRQHVHQ
HO LQVWDQWH GH URWXUD DVt FRPR VXV VXSHUILFLHV GH
IUDFWXUDWRGRHOORHQSUREHWDVFLOtQGULFDVFRQGLIHUHQWHV
GLiPHWURV (VWD FDPSDxD KD VLGR DFRPSDxDGD GH
VLPXODFLRQHV QXPpULFDV FRQ HO ILQ GH DQDOL]DU HO
FRPSRUWDPLHQWRGHOPDWHULDOHQHOLQWHULRUGHODVHFFLyQ
GHODSUREHWDOXJDUHQHOTXHVHLQLFLDODURWXUD6HKDQ
HVWXGLDGR ODV VXSHUILFLHV GH IUDFWXUD GH SUREHWDV GH
GLIHUHQWHV GLiPHWURV \ VH KDQPHGLGR HO GLiPHWUR ILQDO
PtQLPRGHODSUREHWD\ODV]RQDVLQWHULRUHVDWULEXLGDVDO
FUHFLPLHQWR \ FRDOHVFHQFLD GH KXHFRV )LQDOPHQWH VH
KDQ FRPSDUDGR HVWRV UHVXOWDGRV FRQ ORV HVSHUDGRV DO
DSOLFDUXQPRGHORGHURWXUDIUiJLO\FRQORVREWHQLGRVGH
XQPRGHORQXPpULFRTXHFRQWHPSODHOGDxREDVDGRHQ
HOFUHFLPLHQWR\FRDOHVFHQFLDGHKXHFRV

 &$03$f$(;3(5,0(17$/

0DWHULDO

(OPDWHULDOHPSOHDGRHQHVWHHVWXGLRHVDFHURHXWHFWRLGH
XVDGR HQ OD IDEULFDFLyQGH ORV DODPEUHVGHSUHWHQVDGR
6H KD HPSOHDGR HO DODPEUyQ GH SDUWLGD SRU OR TXH HO
PDWHULDOHVWXGLDGRQRKDVLGRVRPHWLGRDQLQJ~QSURFHVR
GHWUHILODGRTXHSXHGDDOWHUDUODLVRWURStDGHOPLVPR

(OPDWHULDOFRQXQDVHFFLyQGHPPGHGLiPHWURIXH
VXPLQLVWUDGRHQUROORVSRUODIiEULFD(0(6$7UHILOHUtD
$UWHL[R/D&RUXxD

8Q HQIULDPLHQWR FRQWURODGR GHO PDWHULDO GXUDQWH VX
IDEULFDFLyQ KD SHUPLWLGR TXH HO PDWHULDO SUHVHQWH XQD
HVWUXFWXUDSHUOtWLFDIRUPDGDSRUILQDVOiPLQDVGHIHUULWD
\ FHPHQWLWD 'HELGR D TXH HO PDWHULDO QR KD VLGR
VRPHWLGR DO SURFHVR GH WUHILODGR QR SUHVHQWD XQD
RULHQWDFLyQSUHIHUHQFLDOGHGLFKDVOiPLQDVSRUORTXHVH
SXHGH FRQVLGHUDU XQ PDWHULDO LVyWURSR HQ VXV
SURSLHGDGHV PHFiQLFDV (VWD KLSyWHVLV GH LVRWURStD KD
VLGRFRQILUPDGDPHGLDQWHHQVD\RVGHGXUH]DUHDOL]DGRV
VREUHODVGLIHUHQWHVGLUHFFLRQHV>@

3UREHWDV

6HHQVD\DURQSUREHWDVFLOtQGULFDVGHGLiPHWURVGH\
PP/DVGLPHQVLRQHVGHODVSUREHWDVVHUHFRJHQHQOD
)LJXUD6HHQVD\DURQSUREHWDVGHFDGDWLSR


)LJXUD'LPHQVLRQHVGHODVSUREHWDVKRPRWpWLFDV

(QVD\RVHLQVWUXPHQWDFLyQ

&DGDXQDGHODVSUREHWDVIXHVRPHWLGDDXQHQVD\RGH
WUDFFLyQ UHDOL]DGR FRQ XQD PiTXLQD XQLYHUVDO HVWiWLFD
PDUFD 6X]SHFDU FRQ FRQWURO HQ GHVSOD]DPLHQWR /D
FDUJDIXHPHGLGDFRQXQDFpOXODGHFDUJDGHN1

&RQ HO ILQ GHREWHQHU ODPD\RU LQIRUPDFLyQSRVLEOHGH
ORV HQVD\RV WRGDV ODV SUREHWDV IXHURQ LQVWUXPHQWDGDV
FRQ XQ H[WHQVyPHWUR UHVLVWLYR \ DGLFLRQDOPHQWH VH
HPSOHy XQ VLVWHPD GH PHGLGD GH GHVSOD]DPLHQWRV \
GHIRUPDFLRQHVPHGLDQWHySWLFDGHDOWD UHVROXFLyQ9LF
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' >@ (VWH VLVWHPD SHUPLWHPHGLU HO GHVSOD]DPLHQWR
UHODWLYRGHXQFRQMXQWRDOHDWRULRGHSXQWRVPDUFDGRVHQ
OD VXSHUILFLH GH OD SUREHWD DQWHV GHO HQVD\R
3RVWHULRUPHQWH XQ VRIWZDUH HVSHFtILFR SHUPLWH REWHQHU
HOGHVSOD]DPLHQWRUHODWLYRHQWUHGRVSXQWRVFXDOHVTXLHUD
D OR ODUJR GHO HQVD\R RIUHFLHQGR DVt OD SRVLELOLGDG GH
UHDOL]DUODVPHGLGDVH[WHQVRPpWULFDVTXHVHGHVHHQ

 02'(/2 '( )5$&785$ (/È67,&2
/,1($/

&RPRVHKDFRPHQWDGRHOSODQWHDPLHQWRGHHVWHWUDEDMR
FRQWHPSOD OD KLSyWHVLV GH TXH WUDV XQ FRPSRUWDPLHQWR
G~FWLO OD URWXUD VH GHVHQFDGHQD GHPDQHUD IUiJLO 3DUD
FRPSUREDU HVWH DVSHFWR VH KD HPSOHDGR OD IyUPXOD GH
6LK >@TXHSURSRUFLRQDXQDH[SUHVLyQSDUDREWHQHUHO
IDFWRU GH LQWHQVLGDG GH WHQVLRQHV ., HQ HO FDVRGHXQ
VyOLGR FLOtQGULFR FRQ XQD JULHWD FLUFXODU FHQWUDGD \
SHUSHQGLFXODUDOHMH

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)LJXUD9DULDEOHVHPSOHDGDVHQODIyUPXODGH6LK>@

/D )LJXUD  PXHVWUD XQ HVTXHPD GHO VyOLGR FLOtQGULFR
FRQXQGHIHFWRLQWHUQRHQHOODVHLQGLFDQORVSDUiPHWURV
GH ODHFXDFLyQ (VWD IyUPXODHVWDEOHFHXQD UHODFLyQ
HQWUHHOUDGLRGHOVyOLGRHOUDGLRGHOGHIHFWRLQWHUQR\HO
IDFWRUGHLQWHQVLGDGGHWHQVLRQHV,JXDODQGRHVWH~OWLPR
D OD WHQDFLGDG GH IUDFWXUD.,& VH SXHGH HVWDEOHFHU XQD
UHODFLyQ GLUHFWD HQWUH HO UDGLR GHO GHIHFWR LQWHUQR HO
UDGLRGHOVyOLGR\ODWHQVLyQUHPRWDGHURWXUD

 6,08/$&,Ï1180e5,&$

3DUD HVWXGLDU HO FRPSRUWDPLHQWR GHO PDWHULDO HQ HO
LQWHULRU GH OD SUREHWD DQWHV GH OD URWXUD VH UHDOL]DURQ
VLPXODFLRQHV QXPpULFDV HQ ' GH ODV SUREHWDV
HQVD\DGDV'LFKDVVLPXODFLRQHVVHUHDOL]DURQHPSOHDQGR
HO SURJUDPD $%$486  \ PDOODQGR OD SUREHWD
FRPSOHWD 6H HPSOHDURQ HOHPHQWRV KH[DpGULFRV GH 
QRGRV /D )LJXUD  PXHVWUD OD LPDJHQ GH XQD GH ODV
PDOODVXWLOL]DGDV

3DUD VLPXODU FRUUHFWDPHQWH OD DSDULFLyQ GHO FXHOOR GH
HVWULFFLyQ OD VLPXODFLyQ VH UHDOL]y HQ JUDQGHV
GHVSOD]DPLHQWRV /D FDUJD VH DSOLFy FRQ FRQWURO GH
GHVSOD]DPLHQWR LPSRQLHQGR XQ GHVSOD]DPLHQWR
FUHFLHQWH HQ ORV QRGRV GHO H[WUHPR VXSHULRU \
PDQWHQLHQGR ILMRV ORV QRGRV GHO H[WUHPR LQIHULRU
HPXODQGR GH HVWD PDQHUD OD DSOLFDFLyQ GH OD FDUJD
UHDOL]DGDHQORVHQVD\RV

6H DGRSWy HO PRGHOR GH*XUVRQ7YHUJDDUG1HHGOHPDQ
*71 TXH HO SURSLR SURJUDPD $%$486 WLHQH
LPSOHPHQWDGR>@(VWHPRGHORLGHQWLILFD\FXDQWLILFDHO
FUHFLPLHQWR\FRDOHVFHQFLDGHKXHFRV$FRQWLQXDFLyQVH
H[SRQHQ EUHYHPHQWH ODV SULQFLSDOHV FDUDFWHUtVWLFDV GH
HVWHPRGHOR


)LJXUD9LVWDJHQHUDOGHODJHRPHWUtDHPSOHDGDHQ
ODVVLPXODFLRQHVL]TXLHUGD\GHWDOOHGHOD]RQDFHQWUDO
GHUHFKD

0RGHORGH*XUVRQ7YHUJDDUG1HHGOHPDQ*71

(OPRGHORIXHGHVDUUROODGRSRU*XUVRQHQ>@\
SRVWHULRUPHQWH DMXVWDGR \ DPSOLDGR SRU 7YHUJDDUG \
1HHGOHPDQ >@ (O PRGHOR HVWi EDVDGR HQ HO
FRPSRUWDPLHQWR GH XQ YROXPHQ HVIpULFR LQFRPSUHVLEOH
FRQ XQ SRUR HVIpULFR FRQFpQWULFR HQ VX LQWHULRU
&RQVLGHUD HO LQFUHPHQWR GH YROXPHQ GH SRURV WRWDO
FRPR OD VXPDGHO LQFUHPHQWRGHELGRDO FUHFLPLHQWRGH
SRURV\GHOLQFUHPHQWRGHELGRDODQXFOHDFLyQGHQXHYRV
SRURV
GW
GI
GW
GI
GW
GI QXFOJU +=   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

(OFULWHULRGHSODVWLILFDFLyQGHOPRGHORHV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
GRQGH S \ T VRQ OD SUHVLyQ KLGURVWiWLFD \ OD WHQVLyQ
HTXLYDOHQWHGH9RQ0LVHVUHVSHFWLYDPHQWH


 σσσσ ++== +S   

  σσσσσσσ −+−+−==T 

$ VXYH] ODV FRQVWDQWHVTT\T VRQ ORVSDUiPHWURV
LQWURGXFLGRV SRU 7YHUJDDUG \1HHGOHPDQ SDUDPHMRUDU
ODV SUHGLFFLRQHV GHO PRGHOR GH *XUVRQ HQ PDWHULDOHV
FRQ SRURV XQLIRUPHPHQWH GLVWULEXLGRV 6L HO YDORU GH
GLFKRV SDUiPHWURV HV LJXDO D OD XQLGDG VH REWLHQH HO
PRGHORGH*XUVRQRULJLQDO

 5(68/7$'26<',6&86,Ï1

 &RPSDUDFLyQ GH UHVXOWDGRV REWHQLGRV PHGLDQWH
H[WHQVyPHWURUHVLVWLYR\H[WHQVyPHWURySWLFR9LF'

8QD GH ODV SULQFLSDOHV GLILFXOWDGHV TXH H[LVWHQ DO
HVWXGLDU HO FRPSRUWDPLHQWR GHO PDWHULDO D SDUWLU GHO
LQVWDQWH GH FDUJD Pi[LPD UDGLFD HQ TXH GLFKR
FRPSRUWDPLHQWR YLHQH JREHUQDGR SRU XQ IHQyPHQR
ORFDOODDSDULFLyQGHOFXHOORGHHVWULFFLyQ

(OH[WHQVyPHWURUHVLVWLYRVHHPSOHDKDELWXDOPHQWHSDUD
PHGLUODHYROXFLyQGHODGHIRUPDFLyQGXUDQWHHOHQVD\R
GH WUDFFLyQ 'LFKR GLVSRVLWLYR DEDUFD XQD ]RQD PX\
UHGXFLGD GH OD SUREHWD \ HV XVXDO SRU WDQWR TXH HO
FXHOORGHHVWULFFLyQTXHGHSDUFLDORWRWDOPHQWHIXHUDGH
OD ]RQD PHGLGD OR FXDO LPSRVLELOLWD REWHQHU GDWRV
H[WHQVRPpWULFRVDSDUWLUGHOLQVWDQWHGHFDUJDPi[LPD

&RPR\DVHKDFRPHQWDGRHOVLVWHPDGHH[WHQVRPHWUtD
ySWLFD 9LF'QRSUHVHQWDHVWH LQFRQYHQLHQWH\DTXH
SHUPLWHUHDOL]DUWDQWDVPHGLGDVH[WHQVRPpWULFDVFRPRVH
GHVHH\GRQGHVHGHVHHSXGLHQGRJDUDQWL]DUDVtTXHHO
FXHOORGHHVWULFFLyQTXHGHUHFRJLGRHQODPHGLFLyQ

6H KDQ FRPSDUDGR ORV UHVXOWDGRV REWHQLGRV FRQ DPERV
VLVWHPDV GH H[WHQVRPHWUtD UHSUHVHQWDQGR JUiILFDPHQWH
ODVFXUYDV WHQVLyQYHUGDGHUDGHIRUPDFLyQYHUGDGHUDVH
HQWLHQGH SRU WHQVLyQ YHUGDGHUD OD REWHQLGD D SDUWLU GH
XQDKLSyWHVLVGHFRQVHUYDFLyQGHYROXPHQ>@/DEDVH
GH PHGLGD HPSOHDGD HQ ORV H[WHQVyPHWURV ySWLFRV KD
VLGRGHPPTXH FRLQFLGH FRQ OD GHO H[WHQVyPHWUR
UHVLVWLYR FRQ HO ILQ GH UHDOL]DU PHGLFLRQHV WRWDOPHQWH
FRPSDUDEOHV(VLQWHUHVDQWHREVHUYDUFyPRHOFXHOORGH
HVWULFFLyQ KDFH TXH DXQTXH OD WHQVLyQ UHDO VLHPSUH
DXPHQWH HQ OD ]RQD PiV FDUJDGD OD WHQVLyQ YHUGDGHUD
FDOFXODGD VHJ~Q OD KLSyWHVLV GH FRQVHUYDFLyQ GH
YROXPHQWDPELpQPXHVWUHXQGHVFHQVR

/D)LJXUDPXHVWUD ORV UHVXOWDGRVREWHQLGRVSDUDFDGD
XQR GH ORV WUHV GLiPHWURV \ FRPSDUD OD PHGLGD GHO
H[WHQVyPHWUR UHVLVWLYR FRQ OD GHO H[WHQVyPHWUR ySWLFR
(QODILJXUD VHPXHVWUDQORVUHVXOWDGRVSDUDWUHVGHODV
QXHYH SUREHWDV HQVD\DGDV XQD SUREHWD GH FDGD
GLiPHWUR
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
)LJXUD  &XUYDV WHQVLyQ YHUGDGHUDGHIRUPDFLyQ
YHUGDGHUD FRPSDUDFLyQ HQWUH UHVXOWDGRV FRQ
H[WHQVyPHWUR UHVLVWLYR \ H[WHQVyPHWUR ySWLFR D
SUREHWD GH PP E SUREHWD GH PP \ F SUREHWD GH
PP

6H REVHUYD TXH KDVWD OD DSDULFLyQ GHO FXHOOR GH
HVWULFFLyQ ODV PHGLFLRQHV UHVXOWDQ VLPLODUHV \ TXH
SRVWHULRUPHQWH ODV PHGLGDV GHO H[WHQVyPHWUR ySWLFR
SHUPLWHQ REWHQHU OD FXUYD FRPSOHWD KDVWD URWXUD
PLHQWUDV TXH ODV PHGLGDV GHO H[WHQVyPHWUR UHVLVWLYR
GHMDQGHDSRUWDU LQIRUPDFLyQ(QODV)LJXUDVD\FHO
H[WHQVyPHWURTXHGDSDUFLDORWRWDOPHQWHIXHUDGHOFXHOOR
GH HVWULFFLyQPLHQWUDV TXH HQ OD)LJXUDE D SHVDU GH
DEDUFDU FRUUHFWDPHQWH HO FXHOOR GH HVWULFFLyQ ODV
FXFKLOODV GHO H[WHQVyPHWUR H[SHULPHQWDQ XQ
GHVOL]DPLHQWR H LPSLGHQ PHGLU FRUUHFWDPHQWH OD
GHIRUPDFLyQ

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&RPSDUDFLyQ GH UHVXOWDGRV H[SHULPHQWDOHV FRQ OD
IyUPXODGH6LK

&RPR VH KD LQGLFDGR OD IyUPXOD GH 6LK SHUPLWH
UHODFLRQDUHO UDGLRGHO FLOLQGUR5\HO UDGLRGHOGHIHFWR
LQWHUQRUXQDYH]FRQRFLGDV OD WHQVLyQGH URWXUDσ\ OD
WHQDFLGDG GH IUDFWXUD.,& &RQ ORV GDWRV REWHQLGRV GH
XQR GH ORV HQVD\RV GH ODV SUREHWDV GH PP VH KDQ
FDOLEUDGRσ\.,&SDUDSRVWHULRUPHQWHREWHQHUHOYDORU
GHO GHIHFWR LQWHUQR HQ WRGRV ORV HQVD\RV UHDOL]DGRV(V
LPSRUWDQWHUHVDOWDUTXHGHELGRDODIRUPDFLyQGHOFXHOOR
GHHVWULFFLyQHOUDGLRGHOFLOLQGURHVPHQRUTXHHOGHOD
SUREHWDLQLFLDO(QORVFiOFXORVVHKDHPSOHDGRHOYDORU
GHOUDGLRGHODVHFFLyQSRUGRQGHURPSHODSUREHWD

/D 7DEOD  PXHVWUD ORV UHVXOWDGRV GH ODV PHGLFLRQHV
UHDOL]DGDV \ ORV YDORUHV REWHQLGRVPHGLDQWH OD IyUPXOD
GH6LKSDUDFDGDXQDGHODVQXHYHSUREHWDVHQVD\DGDV
/D)LJXUDUHSUHVHQWDJUiILFDPHQWHHVWRVUHVXOWDGRV

7DEOD  &RPSDUDFLyQ HQWUH ORV UHVXOWDGRV
SURSRUFLRQDGRVSRUODIyUPXODGH6LK\ODVPHGLFLRQHV
352%(7$
5
SUREHWD
PP
5VHFFLyQ
GHURWXUD
PP
U]RQD
FHQWUDO
PP
   6LK 0HGLFLyQ
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 
'S    
'S    
'S    
'S    
'S    
'S    
'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S    
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)LJXUD  &RPSDUDFLyQ HQWUH ORV UHVXOWDGRV
SURSRUFLRQDGRVSRUODIyUPXODGH6LK\ODVPHGLFLRQHV
&UHFLPLHQWR GHO UDGLRGHO GHIHFWR LQWHUQR U HQ IXQFLyQ
GHOUDGLRGHODSUREHWD5

&RQ HO ILQ GH YHULILFDU XQD SRVLEOH UHODFLyQ GH
SURSRUFLRQDOLGDGHQWUHHOWDPDxRGHOD]RQDFHQWUDO\HO
WDPDxR GH OD SUREHWD VH KD FRPSDUDGR HO YDORU GH OD
UHODFLyQ U5 HQ FDGD XQD GH ODV SUREHWDV /D )LJXUD 
UHSUHVHQWD OD UHODFLyQ U5 SDUD ORV UHVXOWDGRV
SURSRUFLRQDGRV SRU OD IyUPXOD GH 6LK \ ORV PHGLGRV
H[SHULPHQWDOPHQWH 8Q YDORU FRQVWDQWH GH OD UHODFLyQ
U5 LQGLFDUtD SURSRUFLRQDOLGDG \ FRPR SXHGH
REVHUYDUVH QR H[LVWH HVWD SURSRUFLRQDOLGDG (VWH
UHVXOWDGRDSXQWDDTXHHQHOLQVWDQWHGHURWXUDHOWDPDxR
GH OD ]RQD FHQWUDO GH FUHFLPLHQWR GH KXHFRV QR HV
SURSRUFLRQDO DO GLiPHWUR GH OD SUREHWD H[LVWLHQGR GH
HVWD IRUPD XQ FLHUWR HIHFWR GH WDPDxR $Vt OD
GHIRUPDFLyQ GH URWXUD HVWDUtD JREHUQDGD SRU XQ
PHFDQLVPR DQiORJR DO GH OD 0HFiQLFD GH OD )UDFWXUD
PiV TXH SRU HO HVWDGR WHQVLRQDO GH OD SUREHWD HQ HO
LQVWDQWHGHODURWXUD

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
)LJXUD  &RPSDUDFLyQ HQWUH ORV UHVXOWDGRV
SURSRUFLRQDGRVSRUODIyUPXODGH6LK\ODVPHGLFLRQHV
(YROXFLyQGHODUHODFLyQU5HQIXQFLyQGHOUDGLRGHOD
SUREHWD5

 &RPSDUDFLyQ GH UHVXOWDGRV FRQ HO PRGHOR GH
*XUVRQ7YHUJDDUG1HHGOHPDQ

/D LPSOHPHQWDFLyQ GHO PRGHOR GH *XUVRQ7YHUJDDUG
1HHGOHPDQ *71 HQ $EDTXV SURSRUFLRQD OD IUDFFLyQ
GH YROXPHQ GH SRURV WRWDO DVt FRPR ODV IUDFFLRQHV
FRUUHVSRQGLHQWHVDFUHFLPLHQWR\DQXFOHDFLyQGHSRURV
GHIRUPDVHSDUDGD>@

3DUDFDOLEUDUHOPRGHOR*71VHKDHPSOHDGRHOPRGHOR
FRUUHVSRQGLHQWH D OD SUREHWD GHPP'H HVWDPDQHUD
HQ OD VLPXODFLyQ FRUUHVSRQGLHQWH D OD SUREHWD GH PP
GH GLiPHWUR VH KD LGHQWLILFDGR HO LQVWDQWH
FRUUHVSRQGLHQWH D OD URWXUD SRU FRPSDUDFLyQ FRQ ORV
HQVD\RV UHDOHV 6H KD DGRSWDGR FRPR YDORU FUtWLFR HO
YDORUGHODIUDFFLyQGHOYROXPHQGHSRURVWRWDOSUHVHQWH
HQ OD VHFFLyQ PtQLPD GHO FXHOOR GH HVWULFFLyQ D XQD
GLVWDQFLD GHO HMH LJXDO DO UDGLR GH OD PDQFKD FHQWUDO
PHGLGD HQ ODV SUREHWDV HQVD\DGDV )LJXUD  (Q OD
VLPXODFLyQ GH ODV SUREHWDV GH PP \ PP VH KD
LGHQWLILFDGR HO UDGLR HQ HO TXH DSDUHFH GLFKR YDORU
FUtWLFRHQHOLQVWDQWHGHURWXUD

7DEOD  &RPSDUDFLyQ HQWUH ORV UHVXOWDGRV
SURSRUFLRQDGRVSRUHOPRGHOR*71\ODVPHGLFLRQHV
352%(7$
5
SUREHWD
PP
5VHFFLyQ
GHURWXUD
PP
U]RQD
FHQWUDO
PP
   *71 0HGLFLyQ
'S    
'S    
'S    
'S    
'S    
'S    
'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  
'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
)LJXUD  &RPSDUDFLyQ HQWUH ORV UHVXOWDGRV
SURSRUFLRQDGRVSRUHOPRGHOR*71\ODVPHGLFLRQHV

/D7DEOD  \ OD )LJXUD PXHVWUDQ HO UDGLR GH OD ]RQD
FHQWUDO REWHQLGR GH HVWD PDQHUD \ FRPSDUDGR FRQ HO
PHGLGR H[SHULPHQWDOPHQWH SDUD FDGD XQD GH ODV
JHRPHWUtDV

&21&/86,21(6

(O SUHVHQWH WUDEDMR FRQILUPD TXH XQ VLVWHPD GH
H[WHQVRPHWUtD ySWLFD 9LF' DUURMD UHVXOWDGRV
VLPLODUHV D ORV REWHQLGRV PHGLDQWH H[WHQVyPHWUR
UHVLVWLYRSHUPLWLHQGRDGHPiVUHDOL]DUWRGDVODVPHGLGDV
H[WHQVRPpWULFDVTXHVHGHVHHQ\JDUDQWL]DUHOHVWXGLRGH
OD HYROXFLyQ GH ODV GHIRUPDFLRQHV HQ HO FXHOOR GH
HVWULFFLyQ

$GHPiV VH KD FRPSUREDGR TXH HO WDPDxR GH OD ]RQD
FHQWUDODWULEXLGDDOFUHFLPLHQWR\FRDOHVFHQFLDGHSRURV
SUHVHQWH HQ ODV VXSHUILFLHV GH URWXUD GH SUREHWDV
FLOtQGULFDV QR FUHFH GH IRUPD SURSRUFLRQDO FRQ HO
GLiPHWUR (VWD ]RQD FHQWUDO WLHQGH D FUHFHU PiV
OHQWDPHQWH DPHGLGD TXH VH DXPHQWD HO GLiPHWURGH OD
SUREHWD

6LELHQHVFLHUWRTXHORVFRQFHSWRVGHOD0HFiQLFDGHOD
)UDFWXUD (OiVWLFD /LQHDO QR VRQ DSOLFDEOHV D XQ DFHUR
HPSOHDGR FRPRPDWHULDO GH SDUWLGD SDUD OD IDEULFDFLyQ
GH DODPEUHV GH SUHWHQVDGR OD IyUPXOD GH 6LK TXH
UHODFLRQDHOUDGLRGHXQGHIHFWRLQWHUQR\HOUDGLRGHXQD
SUREHWD FLOtQGULFD VRPHWLGD D WUDFFLyQ HQ PDWHULDOHV
IUiJLOHVSURSRUFLRQDUHVXOWDGRVFRQODPLVPDWHQGHQFLD
TXH ORV REVHUYDGRV H[SHULPHQWDOPHQWH (VWD WHQGHQFLD
VLQHPEDUJRHVPiVDFXVDGDHQODIyUPXODGH6LKTXHHQ
ORVUHVXOWDGRVH[SHULPHQWDOHV

(OPRGHORGH*XUVRQ7YHHUJDUG1HHGOHPDQEDVDGRHQ
OD WHRUtD GH FUHFLPLHQWR \ QXFOHDFLyQ GH KXHFRV
SURSRUFLRQDSUHGLFFLRQHVGHO WDPDxRGHOD]RQDFHQWUDO
TXH VH DGDSWDQ D ORV UHVXOWDGRV REWHQLGRV
H[SHULPHQWDOPHQWH

$*5$'(&,0,(1726

/RV DXWRUHV DJUDGHFHQ DO 0LQLVWHULR GH &LHQFLD H
,QQRYDFLyQ OD ILQDQFLDFLyQ SDUFLDO GH HVWH WUDEDMR D
WUDYpV GH ODV D\XGDV %,$  H ,37
 7DPELpQ GHVHDQPRVWUDU VX DJUDGHFLPLHQWR D
/XLVGHO3R]R\D/XLVD9LOODUGH(PHVD7UHILOHUtD6$
$UWHL[R/D&RUXxDSRUHOVXPLQLVWURGHOPDWHULDODVt
FRPRSRUVXV~WLOHVFRPHQWDULRV
) 6XiUH] DGHPiV GHVHD DJUDGHFHU D OD )XQGDFLyQ
$JXVWtQ GH %HWDQFRXUW SRU OD ILQDQFLDFLyQ
SURSRUFLRQDGDDWUDYpVGHXQDEHFDGHLQYHVWLJDFLyQ

5()(5(1&,$6

>@6iQFKH]*iOYH]9³)tVLFDGHOD3ODVWLFLGDG´(76,
&DPLQRV&DQDOHV\3XHUWRV

>@$WLHQ]D-0³7HQVLRQHVUHVLGXDOHVHQDODPEUHVGH
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